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IM®fl®iM:i
Our understanding of the rheology of Earth's interior can be advanced by investigating the results of high-pressure and temperature deformation experiments on polycrystalline samples using elastic-plastic
self-consistency (EPSC) modeling. Our experiment investigates quartz, which dominates the composition of the crust and is the least resistant to flow during deformation compared to other minerals such as
feldspar, as seen in rnylonitc rocks. A rnylonitc is high grade metamorphic rocks found within shear zones of the middle and lower crust. For these reasons, the bulk strength of quartz is thought to control
the strength of Earth's crust. Our results and those produced by other investigators show local stress is not homogeneous throughout a sample but varies greatly throughout grain populations. Prior methods
of modeling for bulk strength assume all crystals experience the same stress throughout the material, however, due to lack of symmetry amongst grains the stress field does not stay constant. EPSC modeling simulates this response by calculating the stress state of individual grains within an homogenous matrix with respect to orientation, bow1dary conditions, and grain populations. Models are used to fit
x-ray diffraction data collected at the Advanced Photon Source synchrotron at Argonne National Lab.

Methods

Data Analysis

The polycrystalline quartz sample is enveloped in a cube-shaped sample assembly which is
pressurized and heated by a surrounding multi-anvil press known as a D-DIA. The D-DIA
consists of six tungsten carbide anvils, driven by a hydraulic press that moves the top and
bottom anvils independently. The sample is monitored by high energy x-rays produced at
the synchrotron which record changes in the distances between crystal lattice planes ( dspacing).
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Results
Samples reached temperatures ranging from 400 to 840 °C and pressures of 1.39 to 2.8 GPa. Lattice strain for (hkl) equal to (I 01 ), (110). (200). (201 ). and ( 112) were calculated for sample stains
up to ~ 7%. Diffraction data shows linear elastic behavior before 3% strain, around which dislocation structures induce plastic behavior in the material.

Diffraction Measurements

EPSC SLIP SYSTEMS at 3.25% Strain

The stress state of each grain under uni axial dcfonnation is controlled by gra in
boundary conditions, orientation, and
the crilica\ resolve shear Slrcss (CRSS)
of the slip systems.
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Continued Work
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Improve grain boundary slip system
Analyze the possibility ofDauphinc twinning
Model combinations of known slip systems
Derive CRSS and hardening constants

.From left to right: .Elastic. Grain Boundary. Hasal, l'rismmic. Pyramid al

References
Burnley. 1'. C.. & Kaboli. S. (2019). Elastic plastic self- consistent (El'SC) modeling of San Carlos olivine deformed in a D-DlA ap paratus. American Mineralogist: Journal ofEmih and Planetary Materials, 104(2), 276-281.
Burnley. P. C.. & Zhang, D. (2007, December). Interpreting In-situ Synchrotron X-ray Diffraction Measurements from Deforming Quartz Using An Elastic-Plastic Self Consistent (EPSC) Model. lnAGU f all Meeting Abstracts (Vol. 2007.
pp. MR43A-0973)
■ Special thanks to Taryn Tmylor
■
■

This research was sponsored by the National Nuclear Security Administration under Stewardship Science Academic Allim1ces DENA0003896 mid UNLV OUR MMP. Use of the Advmiced Photon Source, Argonne National Laboratory. is supported by DOEBES, under Contract No.DE-AC02-06CH11357 at Sector 6BMB that is supported by the Consortium for Materials Properties ReResearch in Earth Sciences under NSF coopcmt ivc agreement EAR 06-4965

